Introduction
============

Osteosarcoma (OS) is the most common type of malignant bone tumor in teenagers; a few patients are diagnosed at terminal stage, which is usually accompanied by lung metastases ([@b1-mmr-20-03-2583]--[@b3-mmr-20-03-2583]). The 5-year survival rate is \<70% with a high degree of malignancy and early metastasis ([@b4-mmr-20-03-2583]). Despite accurate diagnoses, the preoperative administration of chemotherapy, operative treatments or even adjuvant chemotherapy after operation, 30--50% of patients still develop distant metastasis. Fewer than 20% of patients survive 5 years after disease onset. To improve early diagnosis efficiency, novel therapeutic targets for implementing precision treatment are needed and individualized treatments for OS hold great promise. Therefore, investigation into the mechanisms of OS cell occurrence, invasion and metastasis may lead to the identification of potential molecular targets for OS treatment.

Annexin A3 (ANXA3) is a member of the Annexin superfamily ([@b5-mmr-20-03-2583]), which plays a significant role in tumor occurrence, cell migration, immune regulation and drug-fasting ([@b6-mmr-20-03-2583]). In mammalian cells, ANXA3 is usually localized to the cytoplasm, maintaining a stable form that can affect the cytoskeleton or proteins that mediate the cell-extracellular matrix, and are involved in cell transduction, differentiation, migration and apoptosis ([@b7-mmr-20-03-2583]--[@b8-mmr-20-03-2583]). In recent years, it has been shown that the overexpression of ANXA3 is associated with ovarian, lung, liver, prostatic, colorectal and pancreatic carcinoma ([@b9-mmr-20-03-2583]--[@b16-mmr-20-03-2583]), and with drug resistance ([@b16-mmr-20-03-2583]--[@b18-mmr-20-03-2583]). The abnormal expression of ANXA3 provides more direct methods for diagnosis, determining pathological stage and in the treatment of tumors, thus it has become a key area of research for treating tumors ([@b19-mmr-20-03-2583]). However, the function and effect of ANXA3 on the regulation of OS cells has not been investigated. Therefore, determining the expression and significance of ANXA3 in OS cells might provide potential therapeutic targets for treating OS. To the best of our knowledge, the present study is the first to confirm that the overexpression of ANXA3 is closely associated with OS cell proliferation and apoptosis, as determined through a series of different experiments.

The present study investigated the role of ANXA3 in osteoblasts and the OS cell lines HOS and U2OS. First, it was confirmed that ANXA3 was expressed in osteoblasts as well as in HOS and U2OS cells. Secondly, ANXA3 was revealed to be significantly upregulated in HOS and U2OS cells. Finally, it was demonstrated that the inhibition of ANXA3 expression prevented tumor growth and promoted OS cell apoptosis. These results suggest a significant role for ANXA3 in the OS cell lines HOS and U2OS and highlight its potential application in OS therapy.

Materials and methods
=====================

### Materials

Formaldehyde and Triton X-100 were purchased from Beijing Solarbio Science & Technology Co., Ltd. and diluted to the indicated final concentrations. Anti-ANXA3 (1:1,000; cat. no. ab33068) and mouse monoclonal anti-β-actin antibodies (1:2,000; cat. no. ab8226) were obtained from Abcam. Horseradish peroxidase (HRP)-conjugated anti-rabbit secondary antibodies (1:5,000; cat. no. ZB2301) and HRP-conjugated anti-mouse secondary antibodies (1:5,000; cat. no. ZB2305) were obtained from ZSGB-BIO; OriGene Technologies, Inc. ProLong^®^ Diamond Antifade Mountant and 4′, 6-diamidino-2-phenylindole (DAPI) were obtained from Thermo Fisher Scientific, Inc. and the Lipofectamine 2000™ transfection reagent was obtained from Invitrogen; Thermo Fisher Scientific, Inc. The RNAprep pure Cell kit and the Transcriptor First Strand cDNA synthesis kit were purchased from Tiangen Biotech Co., Ltd. The RNA expression profiles of ANXA3 were obtained from The Cancer Genome Atlas (TCGA) database ([www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga](www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga)). Annexin V-phycoerythrin (PE)/7-aminoactinomycin D (AAD) Apoptosis Detection kit was obtained from BD Biosciences.

### Cell culture

The human osteoblast cell line hFOB, and the human osteosarcoma cell lines HOS and U2OS were obtained from the Cell Collection of Chinese Academy of Sciences. HOS and U2OS cells were cultured in high-glucose Dulbecco\'s modified Eagle\'s medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) at 37°C with 5% CO~2~. While hFOB cells were cultured in DMEM: Nutrient Mixture F-12 (DMEM/F12; Gibco; Thermo Fisher Scientific, Inc.) with 0.3 mg/ml G418 (Beijing Solarbio Science & Technology Co., Ltd.) at 33.5°C with 5% CO~2~. All media were supplemented with 10% fetal bovine serum (Gemini Bio Products) and 100 µg/ml Penicillin-Streptomycin Solution (Beijing Solarbio Science & Technology Co., Ltd.).

### Immunofluorescence assay

Cells were seeded in 6-well plates at a density of 1×10^6^ cells/ml and fixed in formaldehyde (100%) at 37°C for 5 min, after which they were allowed to attach for 2 h. Next, 0.1% Triton X-100 was added to the plates for 5 min and blocked for 1 h at 37°C with 1% BSA (Thermo Fisher Scientific, Inc.) They were then washed with 0.01 mol/l phosphate buffer solution (PBS) and incubated with anti-ANXA3 (1:1,000; cat. no. ab33068; Abcam) overnight at 4°C on a shaking table. Incubation with Goat Anti-Mouse Immunoglobulin G (cat. no. ab6708; Abcam) was performed for 1 h at room temperature, and then cells were stained with DAPI dihydrochloride for 3 min at room temperature. Then Antifade Mounting Medium (Thermo Fisher Scientific, Inc.) was added to cells at 4°C for 5 min in the dark following washing with ddH~2~O and the staining results were observed by laser confocal microscopy (Carl Zeiss AG; magnification, ×40).

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis

Osteoblasts were planted in a culture bottle with DMEM/F12 medium while HOS and U2OS cells were cultured with DMEM. Total RNA was extracted with the RNAsimple total RNA kit (Tiangen Biotech Co., Ltd.) from cells then reverse transcribed to cDNA using a FastQuant RT kit (Tiangen Biotech Co., Ltd.) at 42°C for 15 min, followed by two incubation at 95°C for 3 min and at 4°C for 5 min. Assessment of gene expression was performed using a SYBR Green PCR kit (Takara Bio, Inc.) using the iCycler (Bio-Rad Laboratories, Inc.) according to the manufacturer\'s instructions. Briefly, RNase Free ddH~2~O was added into 2 µl of 5X gDNA Eraser Buffer, 1 µl of gDNA Eraser, 1 µl of Total RNA up to 10 µl, and vortex mixed at 42°C for 15 min, followed by storage at −20°C. Next, 1 µl 10X FastRT Buffer, 2 µl RT Primer Mix and 2 µl FQ-RT Primer Mix were added as well as RNase Free ddH~2~O to a total volume of 10 µl, followed by gentle mixing. PCR was performed by activating the DNA polymerase at 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and 60°C for 45 sec, and a final extension at 75°C for 10 min. The gene primer sequences were as follows: For human ANXA3, forward 5′-CCCATCAGTGGATGCTGAAG-3′ and reverse 5′-TCACTAGGGCCACCATGAGA-3′; and GAPDH (the internal control), forward 5′-GGATATTGTTGCCATCAATGACCT-3′ and reverse 5′-AGCCTTCTCCATGGTGGTGAAGA-3′. Finally, gene expression data were evaluated according to the 2^−ΔΔCq^ method ([@b20-mmr-20-03-2583]).

### Western blot analysis

Proteins were extracted using RIPA lysis buffer (Beyotime Institute of Biotechnology), then cells were centrifuged at 12,000 × g for 20 min at 4°C. Supernatants containing 20--30 µg protein were collected, and the protein content was quantified using a BCA protein assay kit (Thermo Fisher Scientific, Inc.). Samples (20 µg/lane) were separated by 12% SDS-PAGE and transferred to PVDF membranes. The blots were blocked with 5% skim milk in TBST for 2 h at room temperature, incubated with primary anti-ANXA3 (1:1,000) or anti-β-actin (1:2,000) primary antibodies at 4°C overnight. After washing with TBST (0.05% Tween-20), the membranes were incubated with HRP-conjugated anti-rabbit secondary antibodies (1:5,000) or HRP-conjugated anti-mouse secondary antibodies (1:5,000) at 27°C for 2 h. The bands were visualized using an enhanced chemiluminescence detection kit (Tiangen Biotech Co., Ltd.) and quantified by Quantity One software (version 2.4; Bio-Rad Laboratories, Inc.).

### Cell transfection

Small interfering RNA (siRNA) ANXA3-651 (forward 5′-GAAAUCUUAACUACCAGGATT-3′, reverse 3′-UCCUGGUAGUUAAGAUUUCTT-5′), siRNA ANXA3-732 (forward 5′-GAUGACAUUAGUUCCGAAATT-3′, reverse 3′-UUUCGGAACUAAUGUCAUCTT-5′), siRNA ANXA3-1094 (forward 5′-GAAGGGUAUUGGAACUGAUTT-3′, reverse 3′-AUCAGUUCCAAUACCCUUCTT-5′) and negative control (NC) siRNA (5′-UUCUCCGAACGUGUCACGUTT-3′) were designed and synthesized by the Whitehead Institute for Biomedical Research. GAPDH (forward 5′-UGACCUCAACUACAUGGUUTT-3′, reverse 3′-TTACUGGAGUUGAUGUACCAA−5′) was used as positive control, negative control siRNA (forward 5′-UUCUCCGAACGUGUCACGUTT-3′, reverse 3′-TTAAGAGGCUUGCACAGUGCA-5′) was used as negative control, and a no-transfection group was used as the blank control. In order to inhibit the expression of ANXA3, cells at 50--60% confluence were seeded overnight and transfected with 50 nM siRNAs targeting ANXA3 or control siRNAs using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) in OptiMEM (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol. After 48 h of transfection, cells were collected for subsequent research.

### Flow cytometric analysis

After 48 h of transfection, cells were plated in 6-well plates at a density of 1×10^5^ for 24 h, then harvested and washed with ice-cold PBS (Beijing Solarbio Science & Technology Co., Ltd.). All cells were digested with EDTA-free typsin (Beijing Solarbio Science & Technology Co., Ltd.) and stained with the Annexin V-PE/7-AAD apoptosis detection kit (BD Biosciences), and incubated in the dark for 15 min at room temperature. Apoptosis was analyzed using CellQuest software (version 5.1; BD Biosciences) with a FACSCalibur flow cytometer (BD Biosciences).

### Statistical analysis

All quantitative assays were performed in triplicate and statistical analysis was performed using SPSS 18.0 software (IBM Corp.). Experimental data were expressed as the mean ± standard deviation. Comparisons in datasets containing multiple groups were conducted using one-way analysis of variance followed by Tukey\'s post-hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### ANXA3 expression in the OS cell lines HOS and U2OS

In order to determine whether ANXA3 was expressed in osteoblasts, and the OS cell lines HOS or U2OS, an immunofluorescence assay was performed and the results were observed by laser confocal microscopy. The results showed that ANXA3 was expressed in osteoblasts, and HOS and U2OS cells ([Fig. 1](#f1-mmr-20-03-2583){ref-type="fig"}), and was markedly expressed in both HOS and U2OS cells.

### ANXA3 mRNA expression levels in osteoblast, and the OS cell lines HOS and U2OS

In order to investigate whether ANXA3 mRNA was expressed in osteoblasts, and HOS and U2OS cells, the present study performed RT-qPCR. The results revealed that ANXA3 mRNA was expressed in the OS cell lines HOS and U2OS as well as in osteoblasts ([Fig. 2](#f2-mmr-20-03-2583){ref-type="fig"}). The mRNA levels were significantly upregulated in both HOS and U2OS cells compared with the osteoblasts; ANXA3 expression in HOS cells was increased by \~2.99-fold and in U2OS cells levels were also increased by 1.25-fold when compared with osteoblasts ([Fig. 2](#f2-mmr-20-03-2583){ref-type="fig"}). Therefore, the subsequent experiments were designed based on these results.

### ANXA3 protein expression levels in osteoblasts, and the OS cell lines HOS and U2OS

In order to determine whether ANXA3 protein was involved in osteoblasts, and HOS and U2OS cells, the extracted proteins were examined and quantified by western blotting. The results demonstrated that ANXA3 was significantly increased in HOS and U2OS cells when compared with osteoblasts ([Fig. 3A](#f3-mmr-20-03-2583){ref-type="fig"}). Furthermore, the protein expression of ANXA3 in HOS cells increased by 3.25-fold, and increased by \~2.33-fold in U2OS cells ([Fig. 3B](#f3-mmr-20-03-2583){ref-type="fig"}).

### ANXA3 decreases apoptosis in the HOS and U2OS OS cell line

On the basis of the aforementioned results, it was concluded that the expression of ANXA3 in the OS cell lines HOS and U2OS was significantly different when compared with the osteoblast group. In addition, ANXA3 in HOS cells was significantly increased when compared with U2OS cells as determined by RT-qPCR and western blot analyses. To investigate whether the expression levels of ANXA3 were associated with the apoptotic rate, the present study downregulated ANXA3 via siRNA transfection for 48 h and the collected cells were examined via western blotting, RT-qPCR and flow cytometry.

The present results indicated that ANXA3 was significantly decreased in both HOS and U2OS cells ([Fig. 4A](#f4-mmr-20-03-2583){ref-type="fig"}). Compared with the blank control group, in HOS cells the protein expression of the siRNA651 group decreased to 0.26-fold, whereas both the siRNA732 and siRNA1094 groups decreased to 0.31-fold. In addition, the positive control group decreased to 0.37-fold and the NC group exhibited a 0.87-fold decrease (P\<0.05; [Fig. 4B](#f4-mmr-20-03-2583){ref-type="fig"}). In U2OS cells, compared with the blank control group, the protein expression of ANXA3 in the siRNA651 group decreased to 0.21-fold, the siRNA732 group decreased to 0.27-fold and the siRNA1094 group decreased to 0.26-fold. In addition, the positive control group decreased to 0.32-fold, and the NC group caused a 0.81-fold decrease (P\<0.05; [Fig. 4B](#f4-mmr-20-03-2583){ref-type="fig"}).

The mRNA expression levels of ANXA3 in HOS cells, compared with the blank control group, in the siRNA651 group was decreased by \~0.37-fold, the siRNA732 group was approximately decreased to 0.43-fold, and the siRNA1094 group was approximately decreased to 0.44-fold. The positive control group was decreased to \~0.47-fold, and the NC group was decreased to \~0.91-fold (P\<0.05; [Fig. 4C](#f4-mmr-20-03-2583){ref-type="fig"}). The mRNA expression levels of ANXA3 in the U2OS cells, when compared with the blank control group, in the siRNA651 group were decreased to \~0.33-fold, the siRNA732 group was decreased to \~0.39-fold, and the siRNA1094 group was decreased \~0.44-fold. The positive control group was decreased to \~0.43-fold, and the negative control group was decreased to \~0.89-fold (P\<0.05; [Fig. 4C](#f4-mmr-20-03-2583){ref-type="fig"}).

The apoptotic rate in the HOS cells of the control group was 8.1%, whereas in the siRNA651 group it was 21.3%, for the siRNA732 group it was 13.55%, and in the siRNA1094 group it was 13.82%, respectively. In addition, in U2OS cells, the apoptotic rate for the control group was 7.4%, whereas in the siRNA651 group it was 21.08%, in the siRNA732 group it was 13.63%, and in the siRNA1094 group it was 12.52% (P\<0.05; [Fig. 5](#f5-mmr-20-03-2583){ref-type="fig"}). In the osteoblast group, the apoptotic rate in the control group was 2.76%, while in the siRNA651 group it was 2.75%, in the siRNA732 group it was 2.75% and in the siRNA1094 group it was 2.78% (P\>0.05; [Fig. 5](#f5-mmr-20-03-2583){ref-type="fig"}). The results suggested that ANXA3 downregulation may increase apoptotic rates of the OS cell lines HOS and U2OS but it had no significant effect on osteoblasts.

Discussion
==========

The results of the present study demonstrated that ANXA3 was expressed in the OS cell lines HOS and U2OS as well as osteoblasts. Notably, the ANXA3 expression levels in HOS and U2OS were significantly increased when compared with osteoblasts. In addition, the present study further confirmed that downregulation of AXNA3 induced apoptosis. Thus, the present findings suggest that the expression of ANXA3 may be critically related to OS cells, and inhibiting ANXA3 may be an effective method for OS therapy.

A previous study reported that the abnormal expression of ANXA3 has been observed in various types of tumors and is associated with cancer progression making it a novel therapeutic target ([@b21-mmr-20-03-2583]). For example, several studies have reported that ANXA3 activated the JNK signaling pathway of stress-activated proteins in hepatocellular carcinoma ([@b22-mmr-20-03-2583]--[@b24-mmr-20-03-2583]). Furthermore, previous studies have demonstrated that the JNK signaling pathway activated CD133^+^ glioblastoma stem cell self-renewal to promote hepatocellular carcinoma differentiation ([@b25-mmr-20-03-2583]--[@b27-mmr-20-03-2583]). The JNK signaling pathway plays a significant role in ANXA3-mediated cancer stem cells. It has been reported that blocking JNK pathway reduced the expression of ANXA3 as determined by RT-qPCR; this result suggested that the expression levels of ANXA3 in hepatocellular carcinoma cells may be positively correlated with the JNK pathway ([@b12-mmr-20-03-2583]). Further study confirmed that transfection of dendritic cells with ANXA3 activated autologous CD4^+^ T cells and CD8^+^ T cells to kill CD133^+^ hepatocellular carcinoma cells ([@b28-mmr-20-03-2583]). Other previous studies have suggested that increased ANXA3 expression may be associated with the drug resistance of ovarian cancer ([@b16-mmr-20-03-2583],[@b29-mmr-20-03-2583]), poor prognosis of breast cancer ([@b29-mmr-20-03-2583],[@b30-mmr-20-03-2583]) and increased lymphatic metastasis ([@b31-mmr-20-03-2583]).

Previous studies have also confirmed that ANXA3 is highly correlated with many types of tumors indicating that the activation of ANXA3 may increase proliferative activity in various types of cancers ([@b32-mmr-20-03-2583]--[@b35-mmr-20-03-2583]). A new therapeutic method that could inhibit ANXA3 could also decrease the activation of relevant types of cancers. The present data suggested that the expression of ANXA3 may be positively correlated with OS and demonstrated the previously mentioned hypothesis. Therefore, ANXA3 is expected to become a new target for OS therapy.

The traditional Chinese medicine celastrol is a natural pentacyclic triterpene, extracted from the Thunder God Vine and has an anti-cancer effect in many malignant tumors. However, its potential anti-cancer mechanism in OS requires further investigation. Our previous studies have shown that γδ T cell immunotherapy has a positive effect on OS ([@b4-mmr-20-03-2583],[@b36-mmr-20-03-2583]--[@b39-mmr-20-03-2583]), and the results also indicated that celastrol increased OS cell lysis by γδ T cells via the upregulation of death receptor ([@b40-mmr-20-03-2583]). This result indicated that celastrol may be able to induce primary OS cell death *in vivo* for γδ T cell lysis. It is hypothesized that ANXA3 downregulation via treatment with celastrol may increase the killing effect of γδ T cells on OS cells. The mechanism of celastrol in ANXA3 will be further examined in the future.

Taken together, the present results indicated that ANXA3 was significantly overexpressed in the OS cell lines HOS and U2OS, and downregulated AXNA3 expression increased the apoptotic ability of HOS and U2OS cells. The present results suggested that anti-ANXA3 has a potential function as an inhibitor of OS. Therefore, ANXA3 could be used in the early diagnosis of and intervention of bone tumors as a novel target for OS therapy. However, further investigation into the underlying mechanisms is required.
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![ANXA3 is expressed in osteoblasts as well as the OS cell lines HOS and U2OS. (A) Osteoblasts, (B) HOS cells and (C) U2OS cells were stained with anti-ANXA3 and then with secondary antibody. The results were examined and photographed by laser confocal microscopy. (a1-3) Red staining indicates ANXA3 protein expression and (b1-3) blue staining represents nuclear staining; (c1-3) the merged images are also presented. Magnification, ×40. ANXA3, Annexin A3; OS, osteosarcoma.](MMR-20-03-2583-g00){#f1-mmr-20-03-2583}

![Gene expression of ANXA3 in osteoblasts, and the osteosarcoma cell lines HOS and U2OS. Cells (10^6^ per well) were cultured for 48 h, and then total RNA was collected and examined by reverse transcription-quantitative polymerase chain reaction. Data are presented as the mean ± standard deviation (n=3). \*P\<0.05 vs. osteoblast group; ^\#^P\<0.05 vs. HOS group. ANXA3, Annexin A3.](MMR-20-03-2583-g01){#f2-mmr-20-03-2583}

![Protein expression levels of ANXA3 in the osteosarcoma cell lines, HOS and U2OS, and osteoblasts. Cells (10^6^ per well) were cultured for 48 h, then total proteins were extracted and measured by western blotting. β-actin was used as the internal control. Data are presented as the mean ± standard deviation (n=3). \*P\<0.05 vs. osteoblast group; ^\#^P\<0.05 vs. HOS group. ANXA3, Annexin A3.](MMR-20-03-2583-g02){#f3-mmr-20-03-2583}

![Impact of ANXA3 downregulation on its protein and mRNA expression in the osteosarcoma cell lines, HOS and U2OS. (A-C) Cells (10^6^ per well) were cultured for 48 h, then total proteins were extracted and measured by (A and B) western blotting, and total RNA was collected and examined by (C) reverse transcription-quantitative polymerase chain reaction. β-actin was used as the internal control. Data are presented as the mean ± standard deviation (n=3 for each group). \*P\<0.05 vs. Negative Control group; ^%^P\<0.05 vs. Positive Control group; ^\^^P\<0.05 vs. Blank Control group; ^\#^P\<0.05 vs. siRNA651 group; ^\$^P\<0.05 vs. siRNA732 group; ^&^P\<0.05 vs. siRNA1094 group. ANXA3, Annexin A3; siRNA, small interfering RNA.](MMR-20-03-2583-g03){#f4-mmr-20-03-2583}

![Impact of the downregulation of ANXA3 on apoptosis in the osteosarcoma cell lines HOS and U2OS, and osteoblasts. Apoptotic rates in the control, siRNA651, siRNA732 and siRNA1094 groups were detected via flow cytometry. Data are presented as the mean ± standard deviation (n=3 for each group). \*P\<0.05 vs. Control group; ^\#^P\<0.05 vs. siRNA651 group; ^\$^P\<0.05 vs. siRNA732 group. NS, not significant; ANXA3, Annexin A3; siRNA, small interfering RNA; PE, phycoerythrin; 7-AAD, 7-aminoactinomycin D.](MMR-20-03-2583-g04){#f5-mmr-20-03-2583}
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